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Electric Grid: Premier 

Achievement of 

20th Century [ NAE ]

Harness Renewable Power: 

#1 Grid Challenge for 

21st Century

Storage Separates Electric 

Generation and Load in 

Space and Time 

US Power Grid: World Largest Supply 

Chain With No Warehouse
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Electric Energy Storage Applications
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Storage For Firming Renewables

Need: Grid Storage that is Dispatchable 

and Rampable 

ARPA-E: Energy Storage to Enable High 

Penetration of Renewables

Solar PV in AZ (TEP)

80% Change 

in 5 min 

Wind in OR (BPA)

1 GW Change 

in 1 hr

1 Day 1 Day

Problem: 

Minutes-to-Hours Changes in Power
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High Renewable Generation Integration

Challenge is a Grid Problem, not a Generator Problem 

• Larger Balancing Authority

• Increase Transmission Capacity

• Improved Situational Awareness

- Real Time Knowledge

- Improved Weather Models

- Generation Protocols

• New Storage Technologies

• Or More Spinning Reserves

Wind Generation Capacity (GW)
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Balancing Reserves Firming Wind Generation for 

High Renewable Penetration on Power Grid
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HYDROPOWER

RANGE 

1600-2000MW

WIND 

CAPACITY

3372 MW

System Challenge:  Efficient Energy Storage at Minutes 

to Hours Duration to Firm Ramping Balance
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Focus: Transformational approaches to energy 

storage to enable low cost

New  Technology Need:  Cost-

Effective Energy Storage Solutions

Grid-scale Rampable Intermittent 

Dispatachable Storage (GRIDS) Metrics
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Limited
Sites

Cost Target

Pumped
Hydro

Underground
Compressed

Air

2-5X 
Lower

1hr

10min

Minimum Response Time Seconds Minutes

Energy Storage Costs ($/kWh)
$10 $100 $1000

$100

$1K

$10K

New Storage
Technologies
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Economics of Hydro / Deploy Anywhere

Technology Agnostic:

Chemical, Mechanical, Electromagnetic

Connect Across Industry for  Handoffs
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Portfolio of Projects

UNIVERSITY/

LAB
SMALL BUSINESS CORPORATION

Fuel-Free Isothermal 

Compression

Rechargeable

Fe-Air Battery
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Transformative Electrochemical Flow Storage System 
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A unique flow battery cell that provides 10X 

increase in power density

Novel cell will reduce system cost by 2-4X

Initially Vanadium redox chemistry

Jump-starts domestic effort in redox flow 

batteries, which had migrated out of North 

America

http://www.clipperwind.com/index.html
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Rechargeable Iron-Air Battery
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Cell Reaction: 

Fe + H2O + ½ O2 Fe(OH)2

Anode: (discharge)

Fe + 2OH-
 Fe(OH)2 + 2e-

Cathode: (discharge)

½ O2 + H2O + 2e-
 2OH-

< $100/kWh & >5000 cycles

high power, low cost, 

electrochemical storage

“Iron is Cheap, Air is Free” 
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Composite

electrode

Designed 

for hydrogen 

utilization  

CO2 –free

air supply

with 

advanced    

amine

absorber  

bi-functional

air electrode 

on durable 

nano-

structured 

support 
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Electrode additives 

to suppress 

hydrogen evolution 

Electrolyte additives 

to suppress 

hydrogen evolution  
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State of the Art Flywheel Storage Progression 

100 KWH

ARPA-E Supported

20122007200520012000



Advanced Research Projects Agency • Energy

Grid Scalable Lead Acid Battery

Innovations

• MSA-based electrolyte

• Carbon-based electrodes

• Flow-battery design

Impact

• Cost Reduction

• Grid Scalable

• Cycle-life Improvement

12
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Superconducting Magnet Energy Storage

13
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ARPA-E Project

Power Cell for 

>20 Year Lifetime

Unlike Today’s

Technology

~2 Years
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Fuel-Free Isothermal Compressed Air Storage
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Innovative Technology: 

New Isothermal Compressor / Expander
Table Top

(Prior)

Prototype

(ARPA-E)

Demo

(Private $)
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Critical Materials in Clean Energy
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Lighting

Vehicles

Solar PV

Wind

US DOE: Critical Materials 

Strategy (Dec 2010)
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China Supply

Rest of the World 
Supply

Global 
Demand

China 
Demand

Today

Within 5 Years: World’s Dominant Supplier of Rare Earth Materials

May Switch From a Net Exporter to a Net Importer

Shifting Economics Of Rare Earth Materials
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Coordinated Critical Materials Effort

18
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Supply 

Alternatives

Application

Alternatives

US DOE: Critical Materials Strategy (Dec 2010)

Rare Earth Criticality by Element

Short Term (0– 5 years) Medium Term (0– 5 years)
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Developing Technology Alternatives

Across Supply Chain

20
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Possible Approach: Get Most From Available Supply

21

Light Rare Earth Elements

Heavy Rare Earth Elements
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Molycorp Rare Earth Facility

Mountain Pass, CA

9%

RE Oxide

Basis

91% 

Gangue:
Barite

Carbonates

Silicates
Nd

La

Pr

Sm, Eu, Gd, 

Tb, Dy, Ho, 

Er, Tm, Yb, 

Lu, Y

Ce
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Possible Approach: Eliminate Need for Material

23
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Permanent

Magnets

Application Technologies

Electric Motors

Wind Generators

REACT PROGRAM: WORKSHOP GUIDED FOCUS

REACT Domain Space

RE Permanent Magnet

Content in Direct Drive

Generators as Power 

Goes to ~10MW

Alternatives to RE 

Permanent Magnet Electric 

Motors for 

High Efficiency across 

Range of Torque / Velocity 
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High Energy Permanent Magnets for Hybrid Vehicles and 

Alternative Energy (FOA1)
G. Hadjipanayis – U Del (Subs V. Harris - Northeastern, D. Sellmyer - U of Nebraska, R. McCallum 

- Ames, E. Carpenter - VCU, J. Liu – EEC    Fed: $4462K – Match $1146K, 36 months

• Target: (BH)max> 100 MGOe, 

no rare earth restriction (RT)

• Permanent magnets based on 

newly-discovered compounds

• New doped Fe-Co 

intermetallics

• Anisotropic nanocomposite

magnets via a bottom-up 

fabrication routes

• Modeling for validation

25

Synthesis

Consolidation
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Transformational NanoStructured Permanent Magnets
F. Johnson et al. (GE Global Research)    Fed: $2250K – Match $750K, 24 months

Core@Shell Hard/Soft Exchange Spring

Coupled Nanocomposite Magnets with:

• 80 MGOe (vs 59 MGOe NdFeB)

• 59 MGOe with 80% less rare earth

NdFeB: (Hard)

Hc = 10,000 - 12,000 Oe

Br =  11-15 kG

Fe:  (Soft)

Hc = 0.05 Oe

Br = ~22 kG
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Questions?

27


